To establish the distribution of blood lipid concentrations and the prevalences of other risk factors for cardiovascular disease in Britain 12 092 men and women aged 25-59 in Glasgow, Leicester, London, and Oxford were studied. Subjects were selected by opportunistic case finding, in which patients consulting their general practitioner for any reason were offered a health check by appointment, or random selection from age-sex registers, in which an invitation for a health check was posted. The overall rate of response was 73%, being 91-94% by opportunistic case finding and 36-63% by random selection. At the health check subjects answered a brief questionnaire about risk factors for cardiovascular disease, and their height, weight, and blood pressure were recorded; a blood sample was taken for measuring plasma concentrations of cholesterol, triglyceride, high density lipoprotein cholesterol, and glucose.
Introduction
Little up to date information is available about the distribution of blood lipid concentrations and the prevalences of other cardiovascular risk factors in Britain. In 1974 Lewis et al reported mean cholesterol concentrations of 5 8 and 5 9 mmol/l in men and women, respectively, aged 20-59 years and that 4 3% of men and 4-8% of women had serum cholesterol concentrations greater than 7-8 mmol/l.' More recent studies investigated selected populations (male factory workers,2 male civil servants,3 and men having medical tests for insurance purposes4), and the regional heart study investigated risk factors in men aged 40-59 years.5 Strategies for preventing premature coronary heart disease include measures directed to the population as a whole and those directed to individual subjects at high risk. 6 In planning for both the population and the high risk strategies the prevalence of the major risk factors for coronary heart disease in men and women must be known. Our study was designed to provide this information and compare techniques of case finding that might be useful in implementing the strategy for individual subjects in general practice.
Subjects and methods

RECRUITMENT
The study was based in four British centres: Glasgow, Leicester, London, and Oxford. It was approved by each centre's ethical committee. General practices were selected because patients on their practice lists were considered to be representative of the social class structure of the city and the general practitioners were enthusiastic about participating and prepared to interact with a teaching hospital and its lipid laboratory and lipid clinic. Nurses trained in the lipid clinics examined patients for risk factors for coronary disease, sometimes with a doctor. Men and women aged 25-59 years were eligible for the study, and potential participants were excluded only because of a major or lifethreatening illness. In Glasgow the age-sex register of the large hospital based general practice was repeatedly sampled until all eligible people had been invited. In Leicester and Oxford two methods of recruitment were used in different practices. In those practices undertaking "opportunistic case finding" patients attending the surgery for any reason were offered a health check that entailed returning by appointment for a 15 minute examination. In other practices invitations for the health check were posted to eligible subjects randomly identified from age-sex registers ("random selection"). In London opportunistic case finding and random selection were carried out in the same practices. Rates of response varied among the centres: 91-94% responded to opportunistic case finding, and 36-63% of those randomly selected attended for screening.
The overall rate of response was 73%. Table I shows the numbers of subjects recruited in each of the centres; 6011 subjects were recruited by opportunistic case finding and 6081 by random selection.
Two approaches were used to determine whether the participants were representative of the population from which they were drawn. Firstly, Total   25-34  282  321  271  285  192  257  463  420  2 491  35-44  803  907  205  269  433  459   479  481  4 036  45-54  633  658  246  281  415  449  591  654  3 927  55-59  194  208  121  108  203  168  310  326  1 638   Total 1 912 2 094  843  943  1 243 1 333  1 843 1 881  12 092 results obtained using the two methods of recruitment were compared. Secondly, in some practices that used random selection a sample of patients who did not respond to the posted invitation were followed up and agreed to be examined. Information obtained from these patients was compared with that from those who responded to the initial invitation. 9 The correlation coefficient (r) between measured and calculated concentrations in the data from Oxford was 0-94. Quality control was assessed by distribution of aliquots of plasma samples to all four laboratories, the sample itself being traceable to the lipid standardisation programme of the Centers for Disease Control, Atlanta, Georgia, United States. During the study overall the percentage differences from the mean in the four centres were 2-2-3-6 for cholesterol; 3 -0-5-5 for triglyceride, and 3 -0-8-9 for high density lipoprotein cholesterol.
MANAGEMENT OF DATA AND STATISTICAL METHODS
Data were recorded on standard forms and identified only by accession number when transmitted to a data processing centre. Data were checked as they were entered into the computer database. In addition, checking programs were run at intervals and doubtful entries verified against the hard copies held at the lipid clinics. Statistical analyses were performed using analysis of variance and covariance techniques for continuous variables adjusting for age differences among centres and the x2 test for independence. Log transformations of the lipid measurements were used in the analyses as they seemed to resemble more closely the normal distribution.
Results
DISTRIBUTION OF BLOOD LIPID CONCENTRATIONS
The mean total cholesterol concentration was 5 -9 (SD 1 2) mmol/l in men and 5-8 (1-2) mmol/l in women. The mean value for men and women in London was 5-5 (1-2) mmol/l, which was significantly lower (p<005) than that in the other centres, among which no significant differences were found (Oxford: men 5-9 (1-1), women 5-7 (1-1); Leicester: men 6-1 (1-3), women 6-0 (1-3); Glasgow: men 5-8 (1-2), women 5-9 (1-2)). Although concentrations in men and women were similar overall, the trends with age were noticeably different in the two sexes. In table II the data for the four centres are combined as identical trends were seen in each centre. In the youngest age category (25-29) concentrations were similar in men and women. Thereafter values increased in men until the 45-49 age band, after which no further increase was observed. By contrast, concentrations in women rose only slightly until the age of 40-44 years, after which they increased steeply such that in the two oldest five year age groups mean concentrations were higher in women than in men. Mean concentrations of calculated low density lipoprotein cholesterol showed similar trends. High density lipoprotein cholesterol concentrations did not, however, vary among the centres or with age. Women had consistently higher concentrations than men, mean values being 1-6 (0-4) and 1-4 (0-4) mmol/l, respectively (p<O-Ol). (10) 32 (1 1) 30 (09) 30-34
50-54 61 (12) 64 (1 1) 39 (1 1) 40 (1 1) 55-59 6-1 (12) 67 (12) 39 (1-1) 43 (12) Triglyceride concentrations were significantly higher in men than in women (1-8 (1-4) v 1 3 (0 9) mmol/l), respectively; p<001). The trends with age for men and women were similar to those observed for plasma cholesterol and low density lipoprotein cholesterol, except that at no age did women achieve higher concentrations than men (table III) . In both men and women, mean triglyceride concentrations were significantly higher (p<0-05) in Glasgow and London than in Leicester and Oxford (Glasgow: men 1-9 (1-5), women 1-5 (1 2); London: men 2 0 (1 6), women 1 5 (0 9); Leicester: men 1-7 (1-2), women 1-1 (0-7); Oxford: men 1-6 (1-1), women 1-2 (0-7)). Table VII shows the prevalence of hypercholesterolaemia (with various cut off points); hypertension (defined as systolic or diastolic blood pressure greater than 160 and 90 mm Hg, respectively); a family history of coronary heart disease; diabetes (defined as diagnosed diabetes being treated with diet, tablets, or insulin or a fasting blood glucose concentration >7 mmol/l in someone in whom diabetes had not been diagnosed); and obesity (body mass index >25).
COMPARISON OF CASE FINDING TECHNIQUES FOR DETECTING HYPERCHOLESTEROLAEMIA
Hypercholesterolaemia differs from most cardiovascular risk factors in that it requires analysis of blood to be detected. The risk of coronary heart disease is proportionally associated with increasing concentrations of cholesterol, and it is therefore difficult to establish cut off points in defining hypercholesterolaemia. For the purpose of assessing effectiveness of various criteria for selective case finding, however, we chose cut off points of 6 5 and 8-0 mmol/l (table VIII). These concentrations are widely recognised as representing a significant and considerable increased risk of coronary heart disease and are comparable with cut off points suggested by international and British organisations. '°" Table VIII shows that if only subjects with a family history of coronary heart disease (at any age) were screened 44% of those with cholesterol concentrations >6-5 mmol/l and 50% of those with concentrations >8 0 mmol/l would be detected, but if this were the only screening criterion 38% of the study population would have to be screened.
Obesity is the only other potential criterion likely to identify a relatively high proportion of subjects with hypercholesterolaemia. Measuring lipid concentrations in obese subjects or those with a family history of coronary heart disease would identify up to three quarters of those with hypercholesterolaemia (depending on the extent that these coexisted in each subject), but with these two criteria about 66% of the population would have to be tested. None of the criteria has high specificity.
COMPARISON OF DATA FROM PATIENTS RECRUITED BY DIFFERENT METHODS AND BETWEEN RESPONDERS AND THOSE NOT INITIALLY RESPONDING TO A WRITTEN INVITATION
No significant differences were found in the data collected by opportunistic case finding and random selection-for example, overall mean total cholesterol concentration was 5-9 (1-4) and 5 8 (1 4) mmol/l by opportunistic case finding and random selection, respectively. Similarly, no significant differences were found when the two approaches were compared in individual centres or men and women were considered separately. In those practices where two invitations were issued to potential participants concentrations were almost identical in those responding to the first and to the follow up invitation (mean total cholesterol concentrations 5 9 (1 2) and 5-8 (1-2) mmol/l, respectively).
Discussion
Clearly any large epidemiological study cannot achieve a 100% rate of response and it is important to consider whether the overall rate of response in our study was enough to give an accurate estimate ofplasma lipid concentrations in the community. Although subjects with lower concentrations might be less likely to come forward, we think that this probably would not have appreciably influenced our results. The main justification for this assumption is the similarity of concentrations in subjects selected at random who responded to the first and to the follow up invitation. The finding of almost identical distributions of plasma lipid concentrations in subjects selected by opportunistic case finding and random selection (which might have been expected to identify different populations) provides further reassurance.
The finding of mean cholesterol concentrations of 5 9 and 5 8 mmol/l in British men and women aged 25-59 years suggests that little or no change in plasma cholesterol concentration in the population has occurred during the past 12 years. These values are almost identical with those found by Lewis et al in 1974' and those reported from the regional heart study in 1978-80, in which men aged 40-59 had mean concentrations of6-3 mmol/l; in men of similar age we found a mean value of 6 1 mmol/l. This finding is disappointing in view of the attempts that have been made to encourage the population to adopt dietary changes to lower blood cholesterol concentration. These results suggest one reason why mortality from coronary heart disease in Britain has decreased much less than that in many other countries. Mortality in the United States, Finland, New Zealand, and Australia has fallen, and evidence from the United States suggests that this is accompanied by a decrease in plasma cholesterol concentrations.'21' In Britain cholesterol concentrations do not seem to account for the appreciably higher mortality from coronary heart disease in Scotland as values in Glasgow were no higher than in England, though they were significantly lower in London.
Our study also confirms data on the epidemiology of plasma lipid and lipoprotein concentrations. The absence ofan overall difference with sex conceals the fact that younger women, especially those aged 30-44 years, have lower concentrations than men, whereas after the age of 50 women have appreciably higher concentrations than men. Differences with age and sex in total cholesterol concentration are accounted for by variation in low density lipoprotein cholesterol values. Although high density lipoprotein cholesterol concentrations were higher in women than in men, they showed no relation to age. Triglyceride concentrations showed similar trends with age in men and women to those seen for cholesterol, but at no age were values in women as high as in men. These findings are similar to those reported from Britain and North America.'4 'S Of the other risk factors studied, smoking showed the most striking regional variation. Men and women in Glasgow were more likely to be smokers than those in the English centres, and those who smoked tended to smoke more heavily. Glaswegians and Londoners were more obese than participants from Oxford and Leicester, and this obesity was associated with higher blood pressure. The interactive effect of smoking, obesity, and hypertension could contribute to the higher rates of coronary heart disease in Glasgow. The slightly higher triglyceride concentrations and blood pressure measurements in London than in the other English centres could be explained by the fact that the subjects in London had not been fasting when the blood sample was taken.
The similarity of plasma lipid concentrations and the prevalence of other cardiovascular risk factors in the groups selected by opportunistic case finding and random selection also affects strategies for preventing early coronary heart disease. There are two main approaches. The population strategy aims at reducing the prevalence of risk factors in the community; it is based on the observation that a large proportion of the population in countries with high rates of coronary heart disease is at some risk of developing the disease and that most cases occur in people with only moderately raised lipid concentrations and prevalences of other risk factors. The high risk strategy, however, is aimed at people at particularly high risk who are identified because their values for risk factors are greater than arbitrarily defined cut off points. Each approach has merits and disadvantages, and we think that both should be applied in countries at high risk.6 Clearly, in Britain health education (population strategy), whose aim was to persuade the public to change its diet and life style to reduce the risk of cardiovascular disease, had had little impact on plasma lipid concentrations. Dietary recommendations are primarily aimed at achieving lower cholesterol concentrations,'6 but values in the population have changed little during the past 12 years.
Techniques for implementing the population strategy need re-examining. Our results also endorse the complementary role of the high risk strategy, which enables advice to be targeted at those who will benefit most from it.6 Around 5% of the population studied were at high risk with respect to serum total cholesterol concentrations, having values greater than 7 8 mmol/l, a concentration that is regarded by the European Atherosclerosis Society as needing active treatment.'0 This proportion of the population includes most patients with major inherited diseases such as familial hypercholesterolaemia and remnant (type III) hyperlipoproteinaemia. A quarter of the population has concentrations exceeding 6-5 mmol/l, which is also associated with a pronounced increase in risk of premature coronary heart disease; many subjects in this group also require individual care especially when multiple risk factors coexist."I Similarly, the prevalence of other risk factors gives cause for concern.
The importance of determining risk factor state in primary care is widely accepted, and this study confirms that the opportunistic approach to such case finding is as effective as, and more efficient than, random screening of the population in detecting those at risk.
Uptake of the invitation to the health check was exceptionally high, and as a large proportion of the population will probably visit their general practitioner within five years'7 offers to assess risk factors at such visits provide an optimal basis for case finding. The work load will be diffused over several years. Recognising risk factors in a clinical setting provides an ideal basis for their management. Opportunistic examination eliminates the considerable administrative costs of random screening, when an appreciable proportion of those invited may not attend. The yield in terms of the rate at which those at high risk are identified is similar.
Various approaches to identifying and treating those risk factors traditionally managed in general practice (smoking, hypertension, and obesity) have been well described.' Less attention has been given to the detection of hyperlipidaemia. Many think that screening for hyperlipidaemia should be carried out selectively with markers such as a known family history of premature coronary heart disease or signs of hypercholesterolaemia such as corneal arcus, xanthomas, and xanthelasmas. The data in table VIII show that none of the criteria for screening is particularly sensitive or specific. To detect most people with serious hyperlipidaemia in the population would entail testing two thirds of the community according to criteria for selective screening. Thus a need for non-selective case finding by opportunistically assessing risk factors clearly exists. This method may be facilitated by equipment allowing cheap measurement of plasma cholesterol concentration within minutes after a blood sample is taken from a pin prick. Until this has become widely available lipid concentrations should be measured in subjects with a family history of coronary heart disease and obesity (body mass index >25) as these criteria are relatively sensitive and detect the highest proportion of subjects with hypercholesterolaemia, even though as markers for hypercholesterolaemia they have low specificity. Lipid concentrations should also be measured in those with corneal arcus or xanthomas and xanthelasmas and those with hypertension, as these characteristics are are comparatively specific. Of course cholesterol concentrations do not need to be measured in subjects who have been fasting. In addition, that mean triglyceride values in London did not differ appreciably from the other centres suggests that, provided a large meal has not been eaten just before blood is sampled, triglyceride concentrations can be measured in a nonfasting sample in the morning or afternoon without great error. Fasting triglyceride concentration should be measured in those with raised values in a repeat test.
